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In conducting the reseairch reported here,, the investigators
awThered to "'Principles of Laboratory Animal Care" as estab-
liahed bY the National Society for Medical Research.
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Thirtey rhesus monkeys were given purified staphylococcal enterotoxin B
aerogenically. A method for calculating the dosare is referenced. Twenty-
two animals responded with emesis and/or diarrhea within 5 hours after
exposure, 9 died spontaneously, and 21 were sacrificed sequentially up to
7 days after exposure. The only pathologic lesions attributable to the
challenge were severe pulmonary edema (with resolvvZ '..,,us exudate
in one animal sacrificed at 7 days), edematous enlargement of the tra-
cheobronchial lymph nodes, and vacuolar nephropothy, presumably of
hypokalemic origin, in one ins.ance. Alveolar capillary block from
pulmonary edema seemed the most important • of death in nine animals.
Eight challenged and two control animals rt.Lned symptom-free and showed
none of the above lesions postmortem. Other possible mechanisms of death
are discussed. The abse e of significant lesions in the gastrointestinal
tract strongly suggests that enterotoxeiia occurred, and that emesis and
diarrhea may have been caused by toxic injury to appropriate areas in the
medulla and poes.
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Enteritis resulting from the in.eption or injection of ctaphylogogal
enterotaoxin had beeu studied in mane" and in -perimental animals. .

This report concerns the clinical picture an' pathologic alterations ir
monkeys expoved to a highly purified enterotoxin by aeroaol inhalation.
This route has not, rto our knowledge, been used by other investigators.

11. MMATEERIALS ANDi M!ETI{0DP

Thirty-two clinically well, tuberculin-negative. young adult rhesus
monksys of mixed sex with a mean body weight of 2.03 kg and (standard
deviation ± 0.46 kg) were housed two per cage for 12 to 14 wee1s prior
to uise. ;)uring the holding period they were fed commercial monkey chow
and giva water ad libitum. Daily observation showed no diarrhea or
other maneoations of illness.

Thirty wonkeys were exposed for 4 minutes to aerosols of a highly

purifie,4 preparation of enterotoxin #P in a modified Henderson apparatus
enclosed in a ventilated cabinet system according to the methods of
Roessler and Kautter. 1 The toxin was purified from culture filtrates
of StapAyjcgncuo a strain S-6, by Dr. E.J. Schantz, using a modi-
ficationý of the procedure described by Bergdoll. Thn toxin was at least
99.5% pure and contained no detectable lysins of any type.

A dye tracer technique was used to estimate the concentration of
enterotoxin in the aerosol. Uramine (fluorescein sodium) at a concen-
tration of 20 jig per cc was incorporated in the enterotoxin solution
and aerosolized by the Collison spray device. The cloud was sampled
continuously during the 4-minute exposure of the animals. using short-
atemmed all-glass iLpingers containing water. Since the dye and the
enterotoxin are water-soluble, the concentration of the dye in the
Impinger as measured ins fluorometer* is indirectly a seasure of the
toxin concentration. Usiug a dilution of the spray solution as a standard,
and knouing the rate of aerosol flow through the impinger) doses for the
exposed monkeys can be estimateA. To determine the dose per kg of body
weight, the method described by Guyton was used. The calculated inhaled
dose range of euterotoxin administered to the monkeys varied from 17,0 to
59.6 gg per kg with a mean of 34.7 pg per kg.

*Photovolt Corporation, New York.
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Following exposure, the monkcys were maintained in open wire cages and
observed continuously for clini-cat. responses for 5 hours following exposure.
Thereafter. all animals were observed four times daily., particularly for
diarrhea, vomiting, depression, and death, throughout the entire .observa-
tional period,

The remaining two animals were not challenged witL,, enterotoxin but
were placed in the same room with the exposed monkeys to se-re as environ-
mental room-controls.

Twenty animals were sacrificed in random groups of four at 12,, 24, 48,
72, and 96 hours "fter exposure by intracardiac injectiona of pentobarbital
sodium., supplemented on occasions with an intravenous injection. One animal
was sacrificed 7 days after challenge and the two room-controln on the 8th
day. The remaining nine ani~als died between 48 and 72 hours after cxposure.

Complete necropsies were performed immediately after euthanasia or as
soon as poosible after post-exposure death. At necropsy., total lung
weights were determined, and the presence or absence of pleural effusion
was recorded (Table 1), The tisswus were fixed in buffered formalin and
stained routinely with hematoxylin and eosin. Occasionally acid-fast,
Comori, periodic acid-Schiff (PAS)., and Sudaa IV stains fqere also employed.

III. RESULTS

A. CLINICAL OBSERVATIONS

As indicated in Table 1,. 19 of the 30 challenged animals responded
with emesis, 7 with diarrhea., and 4 manifested both of these signs. Eight
of the challenged animals failed to respond clinically. The two control
animals also remained symptom-free.

The duration of diarrhea or emesis did not exceed 12 hours, and in most
instances recovery was complete within 5 hours. The average number ofLepisodes of emesis or _irrhea was two and one respectively.

The--ari• -of time between expusure to ent-rotoxin and the onset of
68 to 260 -dnutes, with an average of 150

minutes.-

Nine animals died, and of theze eth exact time of death was recorded
-"for animals numbered 14 through 17. The remainder were found dead on the

orniing of the second and third days aifer exposure. These animals were
--4ribund when last observed on the previous evening; consequently, they

F - could have been dead for a maxi=.- of 11 hours (Table 1).A(al )

'Kl -•/ ..
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TABLE 1. EFFECTS OF ENTEROTOMI B AEROSOL ON RHESUSN MOAKES/

Xonkey Clinical RespansebY or Died(D), Pulmonay Pleural

Nfurber Emesis Diarrhea hours after exposur:e EdemaT Effusion

1 - - 125 Sa

5 -- 124S5

6 - - 12 S4 -

7 -X 24 S
8 -x 24 S
9 X X 48D~ ;P- + 3 cc

10 -- 48 S
11 X - 48 S +- 7 cc
=2 X - 48S8
13 -- 485S -

14 -- 53 D 4+4- 4 cc
15 -- 53 D +1+3cc

16 X - 5b D 44+ 10 cc
17 x - 60 D 4+4- 20 cc
i8 I X 72DS.' +++I -
19 X- 72 DS15 +++1 3 cc
20 X X 72T3D= +++ 16 cc
21 -X 72D~ P- +1-I -

22 2 725S +
23 X- 72 S +1+ -

24 x 72 S 4+-I -

25 X- 725 44+ -

26 X 96 S 4+-I -

27 96 S96+ +
2.8 -- 96 S +4+ -

29 x- 965S+4 -

30 X - 685 4+- -

31d/ 1925S-

3192 S

a. Exosure ti= 4 zinutes.

b~. X. ?--event; -1 Absent; +, izdnisal; ++ mioderate; --4+, m~ark~ed.I
ce. Found dead.
a. Control.A

Ua
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B. PAZHOLOGWC ANA-TCI!¶

1. Gross Observations

I

The rrtnctpal gross morphologic changes were found in the thoracte
cavity. When pulmonary edema was present the lungs wore quite heevy, ftrmm,
deep red in color, and the cut surface exuded copious, pink, fro•hy fluid. I
The tracheobronchial tree contained fluid of - stmla:' charactar. T
ratio of lung weight tc body weight in the 19 animals fith edematoue lungs
was 20.3 gm per kg with a standard deviation *S.D.) of ±3,5 comared ieigh
9.4 Cm per kg (S.D. ±1.9) in the experimental monkeys whjhout edema and
7.8 gm per kg (S.D. ±3.2) in sacrificed normal monkeys. The hilAr .tyimph
nodes were edematoua and enlarged. Pleural effusion was seena in eight
gnimals, mairnly n those with marked pulmonary edema. The fluid was claar4
strav-colored, and contained coagulated ma&ies of fibrin. The volume
varied from 3 to 20 cc,

The gastrointestinal tract showed only infestation of che colon
with the ".arvaea ot RSA•pha ,ojtý ap, h1e gmcosa was clean and did not
exhibit any evidence of sloughing.

The :emAintng organs were not remarkable eacept for enlargement of
Cie adre-Al glanda in most tstance-s and edema of the mesenteric lymph
nodes.

2. Microscopic Observations

a. Lungs

The most significart and consistent morphologic change observed
was the presence of pulmonary edema, The fluid was eooinophilic and rich

n fibrin. reribronchial and perivascular edema was marked.

Edema was found in animtls studted at 48 h.=:z, eaod in most of
those necropsied tbereafter (Table 1), In the animals that lived less than
96 hours, the edevA fluid was relatively cell--free aad homogeneous (Fig. 1).
In animals sacrificed at or after 96 nour4, many pluma macrophages containing
pale PAS-positive material were noted (Fig. 2). Fat stains were negativ,,e.

In the mankey sacrificed at 7 dayst, a similar fluid was present,
but many alveolar ducts and air sacs contained a fibrinQus precipitate
"(Fig. 3) often associated with the fornation of syncvtiai giart cells

4 (Fig. 4).

7 7
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Figure I. Typical Field of Lung Tissue Showing Marked Puimonry
Edema in the only 48-Hour De,4th. Stained with
hewstoxytin and eosin. 90X

i ~Figu:* 2. Egdema Fluid In Lung Tissut Containin•g Nuverove Plump

•• •acrophe~ges with Vacuolaaind Cytoplatm in a 96-Htour

S~erifice,- Rewtoxylin aid eosin. 320X
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b, Gastre-ointestinal Tract

The changes noted were I.den"icai in both -h.Alenged and cOntrol
animals and tonsisted of mo-derajte to heavy infiltration of the imicoaa and
sub~muosa of the stonach? duodenum, ileum, and colon with lynphocyte,' and
plasma cells. The ntdi of infestation o tbe cotan with Oevoiast
were characterized by subucosal areas of hectorrhage and necrosis rimmed
by a collar of lymphocytes and gian cells.

c. Other Related Lesions

The lyoph nodes, esneci•liy those of the eracheobronchial

group, shzied edema and marked hyperplgsia of the Iym photyic eevwets.
These responses were seen in most animals, including o=e of the controls.

The kidneys of ii 04 the animals, including the two controls,
rhoed varying degrees of ,hydrepic degeneration of the canvoluted tubules4
For the most part the changes were seen in the superficial cortical tubules,
One monkey (number 17) shboed vacuolar nephropathy csmpatible wIth hypo-
mankey number 1.1

=a e i F igure 5) . idncy Tissue Sho weing Va uol tr tuph bruarhy ne Pro,• adl

Convoluted Tubules in the 60-Hor Dezth4 I•=t ylia
and aosin. 32OR

1I

S......f~q:, •'mm.•~m mmmm mm mmm , . • m ,am m~r mmmmmm mmmmm•,m• .•I
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d. Lesions not P~leted to Enteatotzin[
Lesions considered on the basi# of pravl.*us brtoe to

be imrorcited to the sxperlstal challenge wars "idiopathic' ~te
the formation of muttinualeated hepatic parenchynal clls, iuif ltration of
the gastrointestinal tract w~ith 11wphocytax arid pkfa te~llz ars infa4
tion with nematodes, adreu-41 cortical hyperplaai&, =4~ oalivar7 &1=4vir
inclusion bodies in the kidnays. A periratnal ga=ukom wat nated t.n wak-ey
number 8 and a periadrenal. absesass in ar~hksy tamwbar 13. Both of these
latttr lesions are of unimwo~n etiology.

whe enlarged adreneal seen Stosay wer rflctted by h~pexplazis
prinacipally of the Ion fasigculata.

Horphologic changes in thkt cantral niz-vous systen rare meager
and confined to the lenticular nuclei in three anim~als (mbers 24" 29"
and 22). These changes consisted of fotal collecticas of olodandr"Hlal

eells and other round cells. Sectiono of tha ponz' and swulla wert not
remarkcable.,

of seprmn wsudrae to determine the morphologic respioness

Previous studies have been principally concerned with the Physiologic
aspects of en'terotaxamia with lJ~ttle in the way of doscriptlv* warphologjy
except for the work of ProbaskA and Warrn.a10 Both pre-lcad fetal entezo-
co'litis in chinchilla. by the oral admiaitraticn if ontertotmiu. to the
latter experiwiut& the droa~ra -Of -r-t- Of tectti
varied conuiderstly and all preparations produceden M~~,~ ove
recently, Warrei bUs produced &cute anteritis as wvtl aet lasions believed
to rtsemble regional enteritis in the dog, using the Noyr-I etreatmsY..

P. 'al human cases of staphylictoccal food polaoning are rare end the
avail& l.e reports with complete Vatholegic axainastion shcmad iffieent
pattenL Weeod's 9 cases exhibited ptusionry edema with focal al-olar
hemrrb, es. The Sastrointestina.l tract was not mmtiouad. nth report
of Darli- was apparently confinesd to a gross examination of t"ý ggotro-
inteeating tr~ct, whare Qvidence of inflarmtion wav found. The eagle
reported -i Sackwit most probsbly origi netd &a a casae of food poiaonlug,
but the~ a, opsy findiags were mora consistrent vith peaudomibao
enterocol is.



PAb~r,. 0 using gatt otepic blops!*a followed the olgcchang~es
itco"Alazy to Lut=LcW- wo ith eat.hylococca1 enterotoxiri, -q%* hilarsyato-
I1esic chanes wo" trensitnt in that n~zroais wa: confined to the upea'

ficat artonsofthe Mucast and rsoainWsCA*mIete ia9" ota

SMM - falr sin the experimenit describnd here apparently tole-rated tho
presence of i onary, edev despite the sinufftcant dogree of Involvcsent.
This impresa 'i is based on the obervation that the sacrgificed agifaa1,,I althoughrt ubdý. 4, 416 niot show 6vidence of reepiratory amarrasasmoni sven
imediately pric to the time of the sa-crifice. One can only Speculateiihow loeg these an,, "&a would have toleriated the presence of the edtaa.

Onteother haa, &Ul the enimals that died wtere vwribund for saweral
hours beO~rt demth; And while woribmid they appeared to experionce dome

ropirsetcry dteres. In these !viwls postible machaniams of des-th
include alveolUr capillary block froa\ the pulmonary rdem&, electrolytte

Completely~ kcuow-n but is most probably mediated through the vague nerves.
The aequence of auto ray be that the vagal nuceiLe emit iple h~
result in alttered par ataility of the pulmonary capillariems. Permitting
escape of p aten-rick fluid truto the air sacs. This conceit in supported
to 4 caertain extent by the fact that the tmetic effect of entesrotmin aim
b,- prevented by 44ation of the zedullary area that containa tha vagaTl

The cause *-6 pulwanary ede=a in ~womkeys dying after inb a~tin of
tnterotox is 1 not- kNoar. PNImonry edoma has also been observad in

Wftyo 4yiag as a rtfralt of intravenous 1nJuctions of comparable dougs.*

The lack of ap-c-iftc =orphologic changes in the gastrointestinal tract,
*Van -n thor* oknamtla w-Mt eiiesis e-nd/ar diarrhea, is difficult to explain.
At riey b* thAt the mn"ko, 1U, contrakft Lo other animals, responds cliai"
ca-ly but ro ath*110gically. Furthermore, the fact that eight of the

anmasfailedd to micpornd to tize anterotoxin is interesting anid equally
Fuzg3-4.ThfI pbhnncw=on has beeni observed In proviouis studies in &

;fttz-:nof monkuys,. rtgsrdless of the route of administration.
chave~that at the doses administered in this experiment esesis

ardi r-tvee aaicurred in 75 to 85% of the monkeys,* M~ost probably
-Ai tu not -relai-d to dopma, as several of the animal;s without eassis

iL-- diarche rmaelviad doses in the sawe ran&* as those that responded.
it "W t-- tbct saw mank.eys are genetically resistant 4tud consequently
44 tot raspond regardless of the doese. Other factors such as acquired

irmmy -, eaztrrotaxin,, physical condition, n fluid balance may also
p y rolis in Asterusininm the presence or absence of a clinical resnonse.

* zzo, ; Jazz Un!4bi~bhad data.
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